Introduction
with an average non-synonymous/synonymous ratio of 1.49. Nucleotide variants were 1 2-fold more abundant in coding regions compared to InDels, however InDels were overrepresented 2 in the regulatory regions. Missing data comprised less than 8% of the data, and these were 3 subsequently imputed with high accuracy (r 2 = 99.7%). Using independent genotyping data (SNP 4 array and dbSNP database), we estimated the false-positive rates of nucleotide variants to be 5 ~0.03%. This constitutes an extensive and highly accurate set of foundational data for a soybean 6 haplotype map. Figure 3) . We identified 4.3 million 2 haplotype-based tag SNPs and, to determine if a good level of saturation of both variants and 3 haplotypes had been achieved, we randomly selected subsets of samples of increasing size (N=100, 4 200, …, and 1,007). As illustrated in Figure 1B , the number of variants discovered did not increase 5 significantly beyond ~750 accessions, while the number of haplotypes reached a plateau much 6 faster (within the first ~500-600 accessions). Together, these results suggest that the GmHapMap 7 dataset offers an exhaustive characterization of the variants and haplotypes present in soybean 8 germplasm.
10
Genetic diversity and artificial selection 11 Bayesian clustering (STRUCTURE) of GmHapMap accessions using whole-genome SNP data accuracy of imputation of untyped variants (Figure 2A ).
5
To demonstrate the benefits of untyped-variant imputation on GWAS analysis, the imputation was 6 performed on a 1Mb-region harbouring a QTL previously identified for seed oil content on (55,589)). As can be seen in Figure 3A , the number of GCHs per gene ranged between 2 and 43, Figure 12 ). Figure 3B . We found three GCHs for GmGIa, which is 2 consistent with the number of alleles that have been previously reported for this gene. Knowledge -50 bp to +32 bp) were, understandably, over-represented (4-fold) in the LOF category due to their 10 high probability of resulting in a LOF allele. Overall, most of the LOF mutations were present at 11 low frequency, with 78% having an allele frequency below 10% (Supplementary Figure 13) .
12
Genes harboring LOF one or more mutations were categorized into two groups: unique and multi-13 copy. We reasoned that a LOF mutation in a unique gene would necessarily result in phenotypic 14 consequences. We found that only 706 (6.6%) of genes were single-copy genes, while the 15 remaining 9,957 (93.4%) had at least one other copy. This constitutes a significant enrichment (P 10,662 * Some of the genes were affected with more than one LOF mutation, therefore the total number 5 of genes is lower than the sum of the all genes. To assess the quality of this catalogue of mutations, we first inspected it for genes already known 1983). We also noticed an average Nonsyn/Syn ratio of 1.49, which is higher than that reported in 
The GmHapMap was used as a reference panel and more than 21K accessions that had been 
10
This is the first time that a comprehensive description of GCHs, for the complete set of genes
11
(55,589), has been achieved for a species. This catalogue of GCHs was obtained using interactions between specific alleles as well as the effects of alleles at neighboring loci (carried along via linkage drag) can be very important when considering which combinations of alleles will 1 be most desirable to achieve a given phenotype.
2
A final aspect of this work is that the identification of LOF mutations in soybean protein-coding 3 genes. GmHapMap includes a set of nearly 11K knocked-out genes. We recognized that this 4 catalogue of knocked-out genes is highly advantageous for soybean functional genomics for 5 investigation of gene function, and application as genetic makers in soybean breeding programs.
6
The next challenge will be to link genetic variation, GCHs, and LOFs derived from GmHapMap 7 with agronomic traits. This will need an extensive effort to measure phenotypes under multiple 8 field and laboratory conditions. We believe that GmHapMap will lead and accelerate the soybean 9 breeding efforts and future sustainable agriculture. or data points) was directly compared with the WGS-derived SNP calls (obtained using the Fast-
12
WGS pipeline) to assess genotype accuracy.
14
Determining the effects of nucleotide variants
15
The functional impact of nucleotide variants was performed using the soybean genome using site-disrupting (canonical splice sites)). In this work, we excluded transcripts labelled as NMD
4
(predicted to be subject to nonsense-mediated mRNA decay). We also applied another filtering genome, (ii) they had an incomplete transcript, or (iii) they did not have a proper START codon. 
Genetic diversity
5
We measured the nucleotide diversity (π) in sliding windows of 1000 bp across the genome using sizes (1 kb, 7kb, 10 kb and 100 kb) that had a 90% overlap between adjacent windows were used 9 to estimate θπ for both whole genome and each chromosome. To display the pattern in each 10 chromosome, a window of 100 kb was used.
12
Linkage disequilibrium and tag SNP identification
13
Genomewide pairwise linkage disequilibrium (LD) analysis (r 2 and D´) was performed using all 14 nucleotide variants from the GmHapMap dataset. The average r 2 value was calculated for each 15 length of distance (<1000 bp), and LD decay calculated using PopLDdecay (Zhang et al. 2018 ). for the pair of individuals, start and end position of the IBD segment, and probability score (LOD 6 score). We filtered these segments using LOD score and the length of IBD. Identification of gene-centric haplotypes 4 The identification of GCHs was performed using the HaplotypeMiner R package 
